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MARKED UP COPY OF CLAIMS 



4. (Amended) The method in accordance with claim 2 [or 3] characterized in that the 
control system 2 may be turned off through said error signal. 
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AMENDED CLAIMS 



4. (Amended) The method in accordance with claim 2 characterized in that the control 
system 2 may be turned off through said error signal. 



7. (New) The method in accordance with claim 3 characterized in that the control system 
2 may be turned off through said error signal. 
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Title: "A METHOD FOR CONTROLLING AND PROTECTING ELECTRIC MOTORS, 



A SYSTEM FOR CONTRQLLiNG^EL£CTRI C MOTORS AN D AN ELECTIRjC 
MOTOR^YSTEM 

Disclosure of the invention 

5 The present invention is directed to a method for controlling and protecting 

electric motors, specially permanent magnet motors electronically actuated by a 
control system comprising a three-phase inverting bridge, in which it is required to 
monitor the position of the rotor by using a position detector physically attached to 
the axle or through the tension induced in the coils by the magnet, in order to 

10 correctly control actuation by the control system. The present invention is also 
directed to a system for controlling electric motors and an electric motor system. 

The objective of the present invention is to prevent one or more switches of 
the three-phase inverting bridge from being actuated at an improper time, what can 
lead to the generation of high currents which cannot be detected by the current 

15 detector, said currents may cause the auto-demagnetization of the rotor magnet, 
besides causing damages to the switches of said inverting bridge. 
Description of the State of the Art 

The detection of the rotor position is required for the actuation of permanent 
magnet motors. 

20 In accordance with the prior art to the present invention, such detection can be 

accomplished through sensors physically connected to the rotor ("hair, optical type, 
and the like) or by observing the voltages induced in the motor coils themselves, as 
described in Brazilian Patent Application PI 8805485, in such a way that the control 
may correctly select which phases of the motor will be activated every time. 

25 As described in more details below, the control unit, when normally operating, 

analyzes the input of the position detector and current protection detector, thus 
activating the respective outputs in accordance with a predetermined table. 
However, if there is a failure in the position detector, it is likely that one or more 
switches of the three-phase inverting bridge is unduly activated, the result of which 

30 can be the generation of high currents that are not detected by the current detector, 
thus resulting in the auto-demagnetization of the motor magnet and damages to the 
switches of the three-phase inverting bridge. 

As known, the demagnetization of the magnet makes it difficult to start the 
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motor, decreases the output and overheats the motor, being inadmissible in all the 
cases. 

Still according to the prior art to this invention, the following measures to 
prevent the auto-demagnetization of the motor magnet are adopted: the design of a 
5 more robust motor, with an increased magnet thickness, what would increase notably 
the cost, specially in view of a larger magnet; the installation of a current protection 
detector in every switch or every phase of the motor, what would not only increase 
the cost but also the complexity of the system, by virtue of the higher number of 
detectors and signals for the control to analyze; or the simple elimination of the 

10 protection against auto-demagnetization, thus placing the integrity of the motor under 
the statistical possibility of the occurrence of a failure, what represents a serious risk 
not only for the system, but also for the image of the manufacturer. 
Brief Description and Objects of the Invention 

After a number of investigations, it was evidenced that, when normally 

15 operating and following the same rotation direction, the sequence where the 
positions of the rotor are updated in the sensor is always the same. Thus, such 
sequence can be predetermined, whereby the control unit of the system for 
controlling an motor could foresee the sequence where the positions of the rotor will 
be changed. By knowing the speed the motor is rotating at, it is possible to foresee 

20 the time when the position of the rotor will be changed. 

With these information, the control unit can prevent failures when the motor is 
actuated, thus assuring the integrity of the rotor magnet and the inverting bridge 
switches. 

In accordance with the teachings of the present invention, the control unit will 
25 accept only the position foreseen for the applicable rotation direction as valid, and 
always at the time expected for the present speed. 

Preferably, when determining this time, a tolerance range defining a minimum 
time and a maximum time, during which a change in the position should take place, 
should be considered. 

30 The present invention has the advantages, compared to the prior art, that it is 

not necessary to any oversize the rotor magnet, the cost and the complexity of the 
motor are decreased, and the current protection detector is simplified, besides 
conferring a greater reliability to the system. 

Such advantages are attained through a method for controlling and protecting 
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electric motors provided with a rotor, specially permanent magnet motors 
electronically actuated by a control system comprising a three-phase inverting bridge, 
characterized by comprising the step of counting a first period of time, during which 
said rotor should be between an original position and the next position, and the step 
of counting a second period of time that follows said the first period of time, during 
which said rotor should pass through said next position. 

The present invention is also expressed as a system for controlling an electric 
motor provided with a rotor, specially a permanent magnet motor, comprising a three- 
phase inverted bridge and characterized by being additionally comprised of a 
microcontroller capable of analyzing the positions of the rotor as a function of the 
time, associated with a counter capable of carrying out the step of counting a first 
period of time, during which said rotor should be between an original position and the 
next position, and the step of counting a second period of time subsequent said first 
period of time, during which said rotor should pass through said next position, as well 
as an electric motor system comprising a control system, an electric motor 
electronically actuated by the control system rand characterized, by, being additionally 
comprised^ofra^microeontroller capable^ofi analyzing tha positions of the^rotoT^ as- a- 
function of the time, associated with a counter capable of carrying out the step of 
counting a first period of time, during which said rotor should be between an original 
position and the next position, and the step of counting a second period of time that 
follows said first period of time, during which said rotor should pass through said next 
position. 

Brief Description of the Drawings 

The present invention will be described below in more details with reference to 
the accompanying drawings, wherein: 

Figure 1 represents a block diagram of an electric motor system electronically 
actuated by a control system; 

Figure 2 is a schematic representation of a three-phase inverting bridge; 

Figure 3 is a three-phase inverting bridge actuation table; and 

Figure 4 is a generic flowchart of a method for controlling and protecting 
electric motors that incorporates the teachings of this invention. 
Detailed Description of the Invention 

With reference to Figures 1 and 2, an electric motor system 1 is electronically 
actuated by a control system 2 comprising a rectifying bridge 3 basically, a capacitive 
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filter 4, a three-phase inverting bridge 5, a three-phase motor provided with a 
permanent magnet rotor 10, a control unit 11, position detectors SA, SB and SC, and 
a current protection detector PI. 

As known in the state of the art, the control unit 1 1 is responsible for the 
5 monitoring of the position detectors SA, SB and SC and the current protection 
detector PI in order to excite, through the respective outputs, the switches T1 through 
T6 of the three-phase inverting bridge 5 at a suitable time in accordance with the 
table illustrated in Figure 3. 

Thus, in response to the command of the control unit 1 1 , the three-phase 
10 inverting bridge 5 will also apply a current to the coils of the motor 10 at the right 
time. 

As already mentioned, in the event there is any failure in the position detectors 
SA, SB and SC, it is possible that one or more switches T1 through T6 of the three- 
phase inverting bridge 5 is not properly activated, what can generate high currents-. 
15 that are not detected by the current protection detector PT, resulting in the autor 
demagnetizatfcB^Grirthe^ motor and" damages to the switchesiXI" through T6 of the; 
three-phase inverting bridge 5. 

In accordance with the teachings of the present invention, the control system 2 
also includes a microcontroller (not-shown) capable of analyzing the positions of the 
20 rotor as a function of the time, associated with a counter capable of carrying out 
successive steps of time counting. As known in the art, such counter may be an 
internal component of said microcontroller. 

Said counter is set to zero whenever there is a change in the position of the 
rotor of the electric motor 10, the counting of a first period of time is started, during 
25 which period the rotor should be between a position and another one. Later on, the 
counting of a second period of time is started, during which time the rotor should 
pass through the next position. 

In a three-phase motor with two poles there are six basic positions P1 through 
P6 of the rotor as shown in Figure 3, which positions should be successively reached 
30 by the rotor during a respective second period of time. 

If the rotor passes through one of the positions during said first period of time, 
what would be too early, or after said second period of time has elapsed, what would 
be too late, it means that there has been some error, and then said microcontroller 
turns off the control system 2 in order to prevent further damages, thus preserving 
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the integrity of the rotor magnet and the switches of the three-phase inverting bridge. 

If the rotor pass through the correct position during said second period of time, 
the microcontroller will issue an output updating signal and restart the counter, 
preparing same for counting the first and second periods of time corresponding to the 
next position where the rotor should pass through. 

Of course, if the rotor, during said second period of time, passes through a 
position that is not the correct one, it also means that there has been some error, and 
then said microcontroller turns off the control system 2. 

Figure 4 represents a generic flowchart of a method for controlling and 
protecting electric motors to exemplify the present invention. 

In accordance with the specific teachings of this invention, said second period 
of time should include a tolerance for the moment the rotor passes through a given 
position. As an example, in a three-phase motor with two poles rotating at 3,000 
rpm, the rotor takes 20 ms to complete one turn, and thus it shall consume 3.3; ms for 
passing through each position. 

In orderrto come up with said tolerance, said second period of time measuredr 
by the counter should include a first head range of 1.65 ms (x/2) and a seconcMaif^ 
range of 6.6 ms (2x) beyond the regular 3.3 ms, what represents a tolerance of x- 
50% and x+100%. 

After a preferred example of realization has been described, it should be 
understood that the scope of the present invention encompasses other possible 
variations, being limited only by the contents of the appended claims including the 
possible equivalents. 
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CLAIMS 

1- A method for controlling and protecting electric motors (10) provided with a 
rotor, specially permanent magnet motors electronically actuated by a control system 
(2) comprising a three-phase inverting bridge (5), characterized by comprising a step 

5 of counting a first period of time, during which said rotor should be between an 
original position and the next position and a step of counting a second period of time 
that follows said first period of time, during which said rotor should pass through said 
next position. 

2- The method in accordance with claim 1 , characterized by comprising an 
10 additional step of issuing an error signal if said rotor passes through said next 

position before or after said second period of time, or an output updating signal to 
restart a counter in the event the rotor passes through said next position during said 
second period of time. 

3- The method in accordance with claim 2, characterized by comprising an 
15 additional step of issuing an error signal if said rotor passes, during said second 

period of time, through a position other than the one that follows said original 
position. 

4- The method in accordance with claim 2 or 3 characterized in that the control 
system 2 may be turned off through said error signal. 

20 5- A control system (2) for an electric motor (10) provided with a rotor, 

specially a permanent magnet motor, comprising a three-phase inverting bridge (5) 
and characterized by being additionally comprised of a microcontroller capable of 
analyzing the positions of the rotor as a function of the time, associated with a 
counter capable of carrying out the step of counting a first period of time, during 

25 which said rotor should be between an original position and the next position, and the 
step of counting a second period of time that follows said first period of time, during 
which said rotor should pass through said next position. 

6- An electric motor system 1 comprising a control system (2), an electric 
motor (10) electronically actuated by the control system 2, and characterized by 

30 being additionally comprised of a microcontroller, capable of analyzing the positions 
of the rotor as a function of the time, associated with a counter capable of carrying 
out the step of counting a first period of time, during which said rotor should be 
between an original position and the next position, and the step of counting a second 
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period of time that follows said first period of time, during which said rotor should 
pass through said next position. 
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(57) Abstract: A method for controlling and pro- 
tecting electric motors (10) provided with a ro- 
tor, specially permanent magnet motors electron- 
ically actuated by a control system (2) comprising 
a three-phase inverting bridge (5), characterized 
by being comprised of the step of counting a first 
period of time, during which said rotor should be 
between an original position and the next posi- 
tion, and the step of counting a second period of 
time that follows said first period of time, during 
which said rotor should pass through said next po- 
sition. The present invention is also expressed as 
a control system (2) for an electric motor ( 10) pro- 
vided with a rotor, specially a permanent magnet 
motor, comprising a three-phase inverting bridge 
(5) and characterized by being additionally com- 
prised of a microcontroller capable of analyzing 
the positions of the rotor as a function of the time, 
associated with a counter capable of carrying out 
the step of counting a first period of time, dur- 
ing which said rotor should be between an orig- 
inal position and the next position, and the stage 
of counting a second period of time that follows 
said first period of time, during which said rotor 
should pass through said next position, as well as 
an electric motor (1) comprising the control sys- 
tem (2). 
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g^Ug*^^ , ■ ' I Filing Date ~~ [ Priority CUimcd? (yes/no) 

^orei^i/PCT Ajfrltottoin No: Country 1 ' m8 ^ 



; Brazil 



September 2o,19 99 



yes 



= 1 WMhJ> y^DrS'^ Ofthi^ppl^tionis not disced » the prior Unhed Slates 

United 5*eeso<;Amtf*a hstfed m * * D f^ n ™^ tn „ of TittetfS United <k*c* Code, §.U2, I acknowledge u* duty to disclose. 

■ ; W-ihciritiWal of FCTirtteT^at^V^linp date of this application: — ■ - ^ 



tlS. Application Ma. 



Fi ting-Date 



Status {patent^pmdh\&/^aitdan*d?l 



^Z^T^35 Linked Simc s Code 31 \9(cldi' any U S. provision* applications) liSWrf below; 





gi^. lo. SMITH. 6AMBREU. A RUSSELL. LLP, 1850 M SWg, N.NV- (Sun. W^mg^ D C. 1003b- AH A***, n»y be sen. to (.02) 
2634329. ptrect ajl phone calls to (^02). "659*2* I U " 

theTcbri; ' 



; FuU u^arnc of sole or first investor: PAUDO^aiQ^^WB^— 
; Residence (city, state, cr<M/«ir^>-JOinville , * SC . . 

Post ofTIce address: Rua Rul B^rbosa , 1431 ~ apt9 302 
B loco, I- -RW 
• ao^viWTSC, Brazil D /- 



Citizenship: ,Braz^l ian 



Signature- 



Date: 



^ IHiii nitoe of s^nd jpintinyeutor, if any: LU; — 

^ ****** ' ;5S^S' s Xic! 

^ Signattue; 

■ AddUiona* Nflmes^ttachjcd 



DOKO^AL; 
rfa5Tl^ 
241 



Citizeri$hip: Brazilian 





• . *ji - iff iprf a^f- ™f. rd'li "7" "u ii. e jr;3 



Residence ..-:■.,>--< ■ w*" £ M.w±«yjL*Je'| =SC, J^a^i 



\ Fuft name of third joint inventor, if any: 



Citizenship; ;BT az ilian 




. Signature: >Jjg£, 



F^f nkrttc of fourth joihiiayaudf, if anyf 
/^s^ncc :(pity, state, country): 
■ Post bffip^ A<Wre5ii; 



^> ' 1 !r . - . _ " • » " ' * 1 



Giti2finsii(p; 



Qa,te:, 



Fntl namc of i^ joint inventor, if Any; 
•;^i^n^e;yi?^, Jlflfi?, country): 
P$slt b<?fe add**ss: , 1 



Citizenship: 



Sigi^tUK* 



Date: 



Fnlinanw of sixth joint inventor; if any; 
Kctidmcc/ctty^ state, country): 
Post office address: 



Citizenship: 



Date:. 



Full name of seventh joint inventor, jf any: 
jp os t Orfiec address ; 



Citizenship: 



Date:, 



Fu^name of eighth joint inventor, if any-, 
^esidence fci<y. rfbfe,' country): 
Post office address:, 



Citfeenship: 



Stj^arnie: . 



Date:. 



